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SUMMARY 

/ 
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Results of measurements described in the previous Report are discussed, 

" -—AHa 11 effect measurements were made, a-'d experiments for eliminating the i nhomogene i t ies 

on the image intensifier pane • hiw^-bee^ started  Work o- evaporated E_ films has. .bw 

-: tar ted. 
y 

'/V/ V    ;V US/UMJ: 
I 

i '        D'SCUSS:0N  OF   PC   ChARACTER.S'   CS 

^—-^.'Three  sintered   CdSe  PC   ce . . ;   in  both  cop'e'er   a~d   sandwich   co-^s true t i o-1  were 

s tud ied, a^—466^4^i-t>ed-Hi^'"1rh^n:n^^^w^~^P0^l~"^0~OT2'"'"'     Currents  as   e   function of 

the applied  voltage with   the   i ' lumipätion  as  parameter  were   recorde.  ,   and  decay 

and   rise   time-constant  measuremerts at  differed*,   light   i"te"sities  were made      F-'on1 

these  "leasurements   and   the  geometrical   data   of   :he   ceiis,   fu^darentai   semiconductor 

characteristics  were  ca 1 cu ! a ted, as   described   in   Table   I   a^d   Tab'e   2  of   Report  No    2 

The   numerica1   data   for   one  of   the  cseliS   is   given   in   Table   3  of   the   same  Report 

The  discussion  of   these  data   fo   ^ows   hetf!--^ pAiW: 

*-') diin' ..;/ /,_-. 
Examination of  Figures   I   and   2 and  of   the  corresponding  numerical   data   in 

Table  3'-   shows  a   large  difference  between   the  characteristics  of  cop'anar  and 

sandwich   construction   (surface  and  vo  uire  currents)   cl    the   same  r.ateriai       While 

the  coplanar   cell   has   high  dark   current   a^d   neariy   'i-ear   current   vs     voltage 

relation   vohmic  electrodes;,   the   sandwich  eel'   shows   .inearity o.~iy  below   i0  vo'ts 

and  becomes   high'y  superlinear   above   50  volts     whe^   '.he   too  e'ectrode   is   DOiitive 

Wt-en   ihe   top  eiectrode   is   negative   this   sucer   inearity   starts  at     Ower   vo.tages 

i-   both  cases   (top   -  and   ■      the   i-v.J'.er ' i--ear i ty   become;,   evicle-t   at     ower   «o   taqes 

when   the   illumination   i-    'ower       Conj, ider i "g   the   I ie  d   itre~gth.   for  both   the 

copiaar   and   sandwich  cons t rue t i o-s ,   one  ca'cu'ates   a   lie  d   sfe-gth  of 
3 

i   33   x   i0     volts/cm with   100  vo'ts   on   the   copa^ar   ce i ne   .-ame   fie  d   strength 

is   'cached  with   II   6  volts   on   the   sa-dwich  ce Tnerefore.   measureme"ts  with 

higher   field   strengths   on   the  co    a-ai   ce'     shoj   d   oe  m.ade   for   seeing   ](  a   j^^er- 

inearity   exists   there   as  we1 it   i .   true   trat    the  e   ectrodes    i"   the   two   cases 

are   somewhat   different        '. "   the   copianar   ce   ■   both  eertrodes  are   tin-oxide  wn i   e 

Figures  and   Tables   refer   to   those   i-1 Mc-th  y  Tech-ica     E-gineeri-g  Reoort   No    ? 



;■   the  sandwich  ce'l   the  boctor   e ectrode   ij   ;. i ■  oxide  dd   ihe   too  e'lecfode   ij 

t;o'd       ''he   '.i'  oxide  eiecfodeb  arc  ce.-ei',   d_.ii-g   ehe  high   rer^erature  oaki-q  of 

ihe  '.e   ' ,   whi'e   the  go'd   c,ecircde   i-   evaporated   aF'.ei    the   -i-teri-c) 

Fo-   coroeri'-g   the  cor/a^ar   a-d   rä"dwic'    ce     -.   the  to-'d ,,c ; i v i t i e;   rru~t   be 

co"-idered       Tne  data   i-   Tab  e   3   ''eyea     e     arge  diffe-e   ce    ne'e   tha-  o-e   ^•_"dred 

1 hie-,   higher   co^doi i ivily  ol    the  cop-a^ar   ce.'      :ha-    that   of   the   -.a'dwich  ce. 

at       l;-c   i ' ' uir i na i ic"     a-'d   -"ighei    laclor;   at     o«ei'   i     -jn i-at io-" >       T'-i      i-c rea.; i "g 

co'djC t i v i ly   ratio  at   decrea-ig   i     ..i'ina'io,   i     ca,.-cd   by   -..b   i"cariiv   i"   the 

c;.Tent   vs     'ight   ir.ter;i:y  characteristic ■   :i~a;   orevai:,   for   i iu1  coo  a-'ar   cei 

a-d   the   -„per. inearity   tha;   exist;   for   t^e   ba"dwich  ce 

C-e   tries   to  exp  a i n   the-:,e   va   ia-ceb   by   the  differe  ce     betwee     the  crysta 

ifüct^re  of   a   surface   iayep   a-d   that   of   tne   i^ide of    : Ke  rateria However, 

a-other   reaso,"   for   the  difference   i-:   the  abvorciio- of   high  e"erqy  rhoto--      A/<A> x   rax 
i-  a   very   thin   iayer  of   the  CdSe       Ihi     dee:   -ct   cesct   a i /  prob  er s   f cr   '.be 

eo.;   a-.a"-   ce'l    if   the     ight   <'"'.(■■.-   o-   the  e  ectrode   side       Bu;    if   '.''e     ight        i,--i^ 

<)■■   f-e  othfc"'   side   the   shorter  wave ■ cgths   are  absorbed   la-ter   iha"   the    O'igcr   or'e < 

a  d   the   spectra!   respo".c  cji've   is   : r a ■ -1 cr red   to   io-ge'   wave  e'l'.1"-    .-.ee  Mq^re 

20   i •  Fl^o    Report  NAVTRADEVCEN   562- ■   fe  ca-e of   ■■:•  dwicn  co^-, true t io-'   the 

..,rre-;   carrier   electro"^  ,! J , t   be   t ra's,.or t ed   throjgh   the   ;aver   fro'"   the    'egative 

e^ectrode   to   the   positive  e'ect'ode        The   c   is   "o   :o"'j • i ca I io^  w'-c-   the      ight 

e   U" ■  cv   tne   ■.egative  e.ectrode    "too i ■   t'-e  ■u,a-..rere   '.    .     r-.y   the  excited 

c  ectrons   ha^e   to  be  diffused   toward   the  positive  e'ectrode       W^e •   the   '.ight   er'ter- 

O'"   the   positive  e.cctrode   ,   top   -"   i ^   the  "ca   ..rcire-'t the   -egative  electrode 

ha-    to    jUOD   v    the   e'ectro^s        1 h i      L.T1   happe"   a-    i-    'he   ca--e    i ■■   the   'crn'.a 

co^ductio"1  '"echa^isr  ol    the   cop   dnar   ce1     a-   we ■ :rie  eie.tro'i  whicb  arr ive- 

at   the  po-itive  electrode   i--   reo  e-i-bed  witn  a    'e.v  e.e^tro'  CIT. i t ' ed   t ror   the 

^eqative   c.ectrode   il    t li i -   electrode   ha^.i    ohnic   cctai t    tc   'lie   ''C   rateria The 

-.■-lit    1 •"   the   iDectra     rcv-üorre   curve     -.ee   Fig^re   3     O'oves   that    the  excited 

e   ectioes   arc  primarily   i'e--ao ■ - 1 b i c   lo1    the   ahoto-cur'e-1 



The increasingly super! inear dark current at increasing field strengths is 

explained by the space charge limited currents.  A- inertia phe-orr.ena with 

changing field strength is connected to this irechen i 5!T. and both will be studied 

at a later date. 

The decay and rise time constants ot the ce'iis wee measured at an earlie1" 

date.  Comparing Figures k  and 5, one sees that the re5conie time of the sandwich 

eeli is slower than the copianar eel] by a factor of approximately five,  The 

rise time constant is about three times higher thar the decay time constant ir 

both cases.  In the ca I cu i a t iorr; on'y the decay tirre co":tan'.s were considered, 

For the ga i n-ca'!cu 1 a t ion , it was supsosed that there are about |0'  photons/cm 

sec in 1 ft-c of light intensity and the quartur efficiency is ;.  The curves in 
it 

Figure 7 show that the gain is higher with higher voltage, reaching .0 electrons/ 

photons at 50 V.  The positive or negative slope of these Curves corrcsPOnds to 

superlinear or sub'inear current vs. light intensity characteristics respectively 

The M-factor is connected to the p-axin^, gain avai'ab'e with a PC material. 

The maximum gain is limited by the Meld stre'gth where ^pace charge :imited 

currents enter and in this case M. Is equa or  ower than o^e,  in -on'e special 

cases M car. be higher than one representing a PC rratena with sucerior character- 

istics.  The M factor of our photoce. s ^Figu'e 8) -how that they are i- the 

general category, where M \     I 

For calculating the electron de-sity n   it was assjmed that the mobility 
2 

ID equa! 10 cm /volt sec.  It was assumed furthermore that the absorption and 

conduction mechanism in the copianar ceii takes place i •■ a thickness ol about 

10 micron (t;).  In the case of the sandwich ce I the current goes through the 

total thickness.  The life time of the carrier, ca^ulated with these assumptions, 

is acceptable for the sandwich ce'1, but are in contradiction with decay time 

constant measurements for the cop anar eel'  A idrger vaiue than the decay 

3 - 



time is obtained which is impcsslbie.  To overcome this difficulty one has to 

assume, at least for the cop'lanar ce';';, that the mobility is equal to about 
2 

100 cm /V sec.  It is not unreasonable to suppose that the mobility is higher 

for the surface currents, than for the volume currents. Data calculated with 
2 

u = 100 cm /V sec for the cop'anar ceil, are presented in Table k. 

Figure 9 shows the calculated trap distributions for both types of ceils. 

As is to be expected, the trap distribution is the same for 10 and 50 volts, 

the trap density is higher for the sandwich "top -" case and the trap distribution 

i s nearly exponent ia I . 

ill. OTHER EXPERIMENTAL WORK 

Some Hall constant measurements were made, but the 'ow signal to noise ratio 

in the measured Hail-voltage gave too high errors, and the va'ues obtained for 

the mobility are not dependable.  Improvements are being made on the measuring 

i '-s trument. 

Some experiments were made for finding out what is the cause of the grainy 

structure in the image intensifier pane;.  CdSe PC layers made with powders 

(l) ball milled much longer \]6  hours) tha-' usuai; [2)   prebal<ed much longer ,8 

hours) than usual.  The lor.g ball milling did not seem to improve the homogeneity, 

but the long prebaking showed some improvement.  Experiments will be repeated and 

cont i nued . 

The clean room work is progressing, although it is a little behind schedule. 

IV,  EVAPORATED EL MLMS 

On reactivation of this work, the two main objectives are improvements in 

maintenance and efficiency.  EL powder phosphors containing iodine or gallium 

as coactivator, rather than chlorine, have been made, these coactivators , when 

fired into the film from the powder phosphors, are intended to improve maintenance, 



both with AC   and  DC  excitation.     Yei "ow-em i tt i ng   films  were"131116' for   t:he   flrst 

time,   from   the   iodine  or   gallium  containing  powder   phosphor*' an these  had 

reasonably  good   emission   for   the   first   trial.     No   new mai:itfpance data  have  been 

obtained   yet. 

Jigs  and   a  dry-box   have   been  assembled   so   that   both  maintenance  a~d   effic- 

iency measurements   can   be  made   in  a  dry  atmosphere.     Ef f i cif1"-^ rrieaSüremen ts 

were  begun.     So   far,   the  AC   efficiencies   run  about   0.2   luiT;efsPer    watt   ror   the 

ye i low-emitting   films   (as   reported   in  NAVTRADEVCEN  562-1)  wl'ich   ' ;S   t0 be  compared 

to  a  maximum of  about   0.4   low   for   the   best  ye Mow-emi 11 i ng fowder    phosphors.     These 

AC   efficiencies   require   an   insulating   layer  on   the   film,   an(lsuch    a    layer   l3   alS0 

required   for   best  maintenance   ^ee   same   NTDC   report;   and   prokab'y     ,:o  Prevenl: 

cross-contamination  when   the   photoconductive   layer   is   fired'n-      'herefore,   most 

of   the   films   from  now on  will   be  provided  with  an   InsulatIn51ayer'   development 

of  such a   layer   is   regarded   as   an   important  aspect  of   the E.film~PC   sandwich, 

and   equipment   refinements   to   do   this   are   already   in  progress gams   in 

efficiency  are   also  possible   through   the   use  of   insulating   |)yers ■'       '-^   anci 

SiO   a-e  being   used   at   present. 

Efficiencies  of   one   or   two   lumen,   per  watt   have   been  obSmed    rrom green- 

emitting  films,   and   some  work   is   planned  o^   thii   tyoe   (ef f icienc'e s   0     the 

equivalent   green-emitting   powder   layers   run  around   2-3   Ipw).  However,   UL   b_ 

is   far   stronger    in   the   yellow-emitting   films   and,    in   add i t i oi» ve r ^   hl9h 

sensitivity   to AC   voitage    (perhaps    i00   ft--  at   30  volts     kO0cP^    has  on!y  heen 

ob-erved   so   far   in   yellow-emitting   li.ms. 

Much  effort  was   spent   this   month   in   ironing  out   probiert"1  uniformity  of 

the   films,   partly  brought   on   by   the   long   period   during  which^ •'   lms  were  made' 

As  much  of   next   month   as   necessary  will   be   spent   on   this   proKm-   which   is   one 

of   visual   appearance  more   than  of   utility   lor   testing,   etc 



\l.       VSSiTS AND CONFERENCES 

On September 6 a trip was made to the Canadian Westinghouse Company, Hamilton, 

Ontario, Canada by Z. Szepesi.  Specifications for a subcontract on PC powders 

were d i scussed. 
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